The pathogenesis of septic acute kidney injury (AKI) is not well understood. In the present issue of Critical Care, the combined clinical and experimental study from Mariano's group provides new insight into the disease. The study shows that plasma from septic burn patients with acute renal failure initiated pro-apoptotic effects and functional alterations in renal tubular cells and podocytes in vitro that correlated with the degree of proteinuria and renal dysfunction. Pro-apoptotic effects were not attributable to antibiotic or uremic toxicity, but were partially attributable to endotoxin. Sepsis and burn had additive effects. Apart from increasing our understanding of the pathogenesis of septic AKI, the study justifies further research on therapeutic interventions in several directions. These include the binding and elimination of the source of endotoxin by selective decontamination of the digestive tract, the blocking of apoptotic pathways, or the extracorporeal removal of circulating toxic mediators using high permeability hemofiltration or coupled plasma filtration and absorption.
We still have no uniform concept of the pathogenesis of septic acute kidney injury (AKI). While renal hypoperfusion is the predominant factor in hypodynamic states, neither systemic nor intrarenal vasomotor changes seem to be the sole contributor to AKI in sepsis. Inflammatory and procoagulatory mediators likely play an additional role. Yet, how they exactly injure the kidney is not well understood. Septic AKI occurs without obvious inflammatory infiltrates, vascular thrombosis and tubular cell necrosis.
Circulating pro-apoptotic factors
The elegant study of Mariano and coworkers [1] in this issue of Critical Care shows that acute renal failure in septic burn patients is characterized by proteinuria, attributable to both glomerular and tubular damage. The severity of proteinuria correlated with systemic inflammatory and procoagulatory markers, and with impairment of renal function and nonsurvival. In a series of in vitro experiments they demonstrated that circulating factors reduced the viability and function of tubular cells and podocytes, and caused upregulation of several pro-inflammatory and pro-apoptotic genes and proteins, and down-regulation of apoptosis inhibitors. Proapoptotic effects were not attributable to antibiotic or uremic toxicity, but were partially attributable to endotoxin. Sepsis and burns had additive effects on tubular apoptosis. A possible mediator of these circulating pro-apoptotic effects may have been tumor necrosis factor (TNF), which was detected in burn septic acute renal failure plasma.
Apoptosis
Cells either die from necrosis or from apoptosis. While necrosis results from energy depletion, apoptosis consumes energy and is triggered by the upregulation of genes. These genes encode proteins involved in several biochemical pathways that cause cell shrinkage, condensation of chromatin, damage to cell membranes and nuclear fragmentation. Apoptosis is crucial for tissue homeostasis, tumor surveillance and immune function. Nature allows inhibition of apoptosis at several stages in the complex biochemical cascade. Inhibition either initiates repair, leading to cell recovery, or brings the damage to a halt, allowing survival and replication of the injured cell with risk of creating a diseased clone. An example of repair is the activation of the protein kinase Akt by growth factors. Apoptosis is triggered by several mechanisms, including activation of the extrinsic pathway by ligation of the exposed part of the membrane receptors for Fas or TNF at the cell surface [2, 3] .
Directions of further research on therapeutic interventions
Apart from increasing our understanding of the pathogenesis of septic AKI [4] , the study of Mariano and colleagues justifies further research on therapeutic interventions in several directions.
Commentary
Circulating pro-apoptotic mediators in burn septic acute renal failure
Decreasing circulating endotoxin
First, since the pro-apoptotic effects were partially attributable to endotoxin, strategies that decrease circulating endotoxin are likely to be beneficial. Patients with severe burns exhibit increased permeability of the gut and a blunted immunological defense, allowing endotoxin from the gut to enter the systemic circulation and Gram-negative organisms to cause infection [5] . Binding of gut derived endotoxin and elimination of potential pathogenic organisms with the use of enterally administered polymyxin and tobramycin can reduce circulating concentrations of endotoxin and TNF, and prevent gut-derived infections [6, 7] Inhibition of apoptosis Second, inhibition of apoptosis may prevent initiation of the death pathway. Caspases are proteolytic enzymes effectuating the apoptotic death program. Caspase inhibitors have been used as anti-apoptotic agents, decreasing myocardial dysfunction and nuclear apoptosis after experimental endotoxemia [8] . However, although Fas signaling predominantly induces cell death via caspases, it also confers proliferative effects in fibroblasts and T cells. Consequently, caspase inhibition not only inhibits apoptosis, but also Fas-mediated stimulation of T cell growth and can thus have unexpected harmful effects [9] . Before clinical implementation, blocking of distinct pro-apoptotic pathways needs further research and understanding.
Extracorporeal blood purification
Third, circulating mediators of apoptosis are principally accessible for extracorporeal blood purification. High volume hemofiltration, high permeability hemofiltration and coupled filtration and adsorption (CPFA) have been applied for this purpose. Removal of mediators with hemofiltration is determined by solute characteristics (size, charge, geometry and free fraction), membrane characteristics (pore size, surface area and absorptive features) and ultrafiltrate flow. Removal with hemofiltration is non-specific and never complete. This seeming limitation may actually be advantageous in critically ill patients with uncontrolled systemic inflammation. Nonspecific removal of peak concentrations of soluble mediators without complete elimination may allow restoration of a more favourable equilibrium [10] .
Indeed, a higher dose of renal replacement therapy can improve patient survival [11, 12] . However, although hemofiltration with conventional membranes can remove smaller inflammatory and pro-apoptotic mediators such as complement, platelet activating factor and interleukin-8, the use of high pore-size membranes is necessary for the substantial removal of TNF and caspases and restoration of apoptosismediated white blood cell dysfunctions [13] [14] [15] . Proapoptotic mediator removal can be increased further when filtered plasma is subsequently dialyzed and driven through an absorber. CPFA improved unselective cytokine removal, hemodynamics and leukocyte responsiveness in a preliminary human study [16] . Large randomized controlled trials are necessary to determine whether high permeability hemofiltration or the complex intervention of CPFA can mitigate apoptotic AKI and improve patient outcome.
Conclusion
The pathogenesis of septic AKI is not well understood. Mariano and coworkers found that plasma from septic burn patients with acute renal failure initiates pro-apoptotic effects and functional alterations in renal tubular cells and podocytes in vitro that correlate with the degree of proteinuria and renal dysfunction. Sepsis and burns had additive effects. This robust study provides new insight into the pathogenesis of septic AKI. The study of Mariano and colleagues additionally opens directions for research on therapeutic interventions mitigating septic AKI, including the binding and elimination of endotoxin in the gut, the blocking of apoptotic pathways and the extracorporeal removal of circulating pro-apoptotic mediators.
